Friction and wear experiments were conducted with elemental Iron sliding i on aluminum oxide 1n aerated su'lfurlc add at concentrations ranging from verŷ dilute (7xlO~ N; I.e., 4 ppm) to very concentrated (96 percent add). Load established that rapidly attacked the wear area. Under the conditions where direct corrosion losses were highest, the coefficient of friction was the lowest.
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and reciprocating sliding speed were kept constant. With the most dilute add • -5 -4 ! concentration of 7x10 to 2x10 N, a complex corrosion product formed that was friable and often Increased friction and wear. At slightly higher concentrations of 0.001 N, metal losses were essentially by wear alone.
Because no buildup of corrosion products occurred, this add concentration became the standard from which to separate metal loss from direct corrosion and mechanical wear losses. When the add concentration was Increased to 5 percent (1 N), the well-established high corrosion rate of Iron 1n sulfurlc add strongly dominated the total wear loss. This strong corrosion Increased to 30 percent add and decreased somewhat to 50 percent add 1n accordance with expectations. However, the low corrosion of Iron expected at add concentrations of 65 to 96 percent was not observed 1n the wear area. It was apparent that the normal passlvatlng film was being worn away and a galvanic cell *Member ASLE. *Fellow ASLE.
established that rapidly attacked the wear area. Under the conditions where direct corrosion losses were highest, the coefficient of friction was the lowest. INTRODUCTION Corrosion has been recognized as an Important variable 1n the friction and wear of metals (1) . Still, Us role 1s not well understood. Most studies have been concerned with specific practical problems, such as the use of anticorrosion additives 1n lubricants (2) or moving parts 1n body Implants (3).
However, general basic knowledge 1s missing.
The effects of corrosion are complex. There can be a general attack of surfaces with no particular effect 1n the wear region. However, the wear contact region differs electrochemlcally from the surroundings. It contains metal that 1s cold worked, that 1s being highly stressed elastlcally as well as plastically, and that 1s at locally high temperatures at shearing asperities (4, 5) .
A most Important fact 1s that mechanical wear and corrosion both depend on surface deposits and films. This leads to at least four different Interaction phenomena between wear and corrosion. In one, a tenacious, Iow-fr1ct1on film can form that resists corrosion losses while lowering mechanical wear losses (6, 7) . Under other conditions, a thick, friable deposit forms that has high friction and Increases mechanically Induced wear losses (8) . Under a third set of conditions, the mechanical action wears away films that protect against corrosion. This leads to locally high corrosion 1n the wear area that 1s enhanced by galvanic coupling with the surrounding regions (8) . This has been observed with nickel as well as Iron (9) . Lastly, there are conditions where 1t 1s apparent that, 1n Iron, corrosion losses are simply added to mechanical wear losses (8) .
MATERIALS
The Iron (better than 99.99 percent pure) was annealed to a hardness of 30 to 35 Rockwell B after machining. The sulfurlc add was ACS reagent-grade concentrated add, which 1s specified to be 95.5 to 96.5 percent by weight.
The water used to make the solutions was delonlzed, distilled, and saturated with room temperature air.
APPARATUS
The bullet-shaped, 6.4-mm-d1ameter Iron riders used had a tip radius of 3.2 mm and were 16 mm long overall. They were mounted 1n a holder and were slid over flats of aluminum oxide (sapphire). These experiments differed from previously reported research (6,7), 1n which a sapphire ball rider was moved over a flat metal specimen.
The friction apparatus 1s shown schematically 1n F1g. 1. The aluminum oxide flats were attached to the bottom of glass or polytetrafluoroethylene (PTFE) cups. In operation, the cups were filled with the add solution to about 3 mm above the surface of the flats. The cups were held 1n a vise and reciprocated under the metal slider during an experiment.
Epoxy cement was used to attach the flats to the Inside bottom of the glass cups, which had an Inside diameter of 30 mm and a height of 16 mm. For the 96 percent add solution a similar cup was made of PTFE. A groove was cut Into the Inside bottom of the PTFE cup, and the flat was fitted tightly 1n the groove so that a cement was not needed.
The flats were cut from smooth, very dense (transparent) sapphire sheets.
However, the Initial sheets had been used 1n earlier friction studies and had a few widely spaced scratches. In this work, care was taken to not have the slider cross any of these scratches. Also, sliding was carried out on many different paths on the several flats used. In any case, the soft rounded Iron sliders did not visibly groove the flats. The aluminum oxide flats 1n their cups were clamped 1n the J1g. The specimens (the riders) 1n their holders were lowered to a few millimeters above the flats, and alignments were checked. Then the add was dropped Into the cups to cover the flats to the proper depth. Thereafter the specimen tips were lowered until they Just touched the flats, the load was Installed, and the experiment was started.
The friction force of the rider moving across the flat was determined by strain gages on the flexible arm that held the loaded rider. The output from the calibrated strain gages was recorded continuously. The coefficient of friction then was the force divided by the load of the rider. The static coefficient y was the maximum friction force 1n each direction of travel or, as used, half the maximum force 1n a complete reversal of travel. The kinetic coefficient v k was estimated 1n the usual manner by using a force 4 that was the mean between the maximum force (stick) and the minimum force However, the Iron surface outside the wear area Indicates (F1g. 7(c)) a faceted, rapid corrosion pattern. The estimated corrosion rate (Table 2) 1n the wear area of 93 mm/yr 1s less than the published value of 220 mm/yr given 1n the literature (13). This, plus the structure comparison between the regions Inside and outside the wear area, led to the conclusion that the wear area was not anodic to Its surroundings. It 1s probable that the large loss 1n the wear test was almost entirely the result of the high overall corrosion rate of Iron 1n 30 percent sulfurlc add.
The estimated corrosion rate at the wear area for 50 percent add was 43 mm/yr. This was one-third the published corrosion rate of 125 mm/yr for Iron (13). The difference may be due to a buildup of a limited protective coating on the Iron grains 1n some orientations. It 1s clear that the corrosion enhancement of wear loss was not due to the wear area becoming anodic to Its surroundings. The appearance of the wear area and Its surroundings was very much like that 1n F1g. 7.
The Iron tip worn 1n 65 percent add appeared similar to the tip worn 1n 75 percent add. They both were similar to F1g. 7, although corroded much less deeply.
A phenomenon that was especially notable for the tips worn In 96 percent add, as well as 1n 65 and 75 percent add, was the high corrosion losses. The corrosion rates were much higher than the well-known low rates of steel 1n the same adds without simultaneous wear. Table 2 gives the estimated corrosion contribution to wear loss as 25 mm/yr for 65 percent add, 27 mm/yr for 75 percent add, and 57 mm/yr for 95 percent add. This compares with the rates of less than 1 mm/yr discussed earlier (10) . This must mean that the passlvatlng layer was being worn away 1n the wear area, making the wear area anodic with respect to Us surroundings. Of course, 1t 1s possible that the rapid corrosion 1n the wear area was due directly to wearing away a passlvatlng film. 
